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This short paper introduces an enhancement to the 
Keystroke-Level Model (KLM) by extending it with three 
new operators to describe interactions on mobile 
touchscreen devices. Based on Fittss Law we modelled a 
performance measure estimate equation for each common 
touch screen interaction. Three prototypes were developed 
to serve as a test environment in which to validate Fittss 
equations and estimate the parameters for these interactions. 
A total of 3090 observations were made with a total of 51 
users. While the studies confirmed each interaction fitted 
well to Fittss Law for most interactions, it was noticed that 
Fittss Law does not fit well for interactions with an Index 
of Difficulty exceeding 4 bits, highlighting a possible 
maximum comfortable stretch. Based on results, the 
following approximate movement times for KLM are 
suggested: 70ms for a short untargeted swipe, 200ms for a 
half-screen sized zoom, and 80ms for an icon pointing from 
a home position. These results could be used by developers 
of mobile phone and tablet applications to describe tasks as 
a sequence of the operators used and to predict user 
interaction times prior to creating prototypes. 
Author Keywords 
Quantitative prediction model; KLM (Keystroke-Level 
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Quantitative prediction models, such as GOMS (Goals, 
Operators, Methods, and Selection rules) and KLM 
(Keystroke-Level Model) have been shown to be useful 
tools in modeling interaction and in deciding between, and 
filtering out designs (e.g. [1]). KLM is used to estimate the 
time taken to complete simple data input tasks by 
combining small timing constants. On physical-key devices 
it has been widely used to predict task times (e.g. text entry 
for Korean Language [10], Text Entry Speed on 12-button 
Phone Keypads [7] etc.).  
Many enhancements to KLM have been proposed in the 
literature to be able to evaluate different techniques. 
However, there has been little research that improves user 
behavior modeling techniques to estimate the time taken to 
achieve common interactions performed on mobile 
touchscreen devices. In this paper we report our work on 
enhancing KLM by extending it with three new operators. 
In this short paper we report our investigation into 
modeling three interactions performed on mobile devices 
and tablets using KLM. Our model is based on suggested 
times derived from Fittss Law modelling and analysis of 
how well these interactions fit Fittss Law. We believe this 
gives an enhancement for developers of smart-phone and 
tablet applications to predict user interaction times without 
even needing to create prototypes. 
KLM-GOMS MODEL 
KLM was introduced as part of the wider GOMS-related 
work of Card, Moran, and Newell on modelling and 
quantitatively predicting the skilled and error free 
performance of users interacting with a text editor [1]. 
KLM is usually applied in situations that require minimal 
focussed, scripted interaction with a computer interface or 
software design.  
 
Figure 1 Zoom usability test scenario 
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The constant "1" in the formula made a difference from 
Fittss original form, especially for low values of the ratio 
D/W, given the advantage that the ID is always non-
negative. Here we are investigating the ability of modelling 
the finger touch input for different target sizes and 
movement distances. 
DEVELOPING AND TESTING THE PROTOTYPES 
The prototypes were developed in HTML5 / JavaScript and 
displayed on an iPad Mini (a 7" multi-touch tablet), as 
shown in figure 2. Three usability studies were conducted 
to extract completion times (in seconds). For each 
interaction we tested a range of target size and distances 
from the starting point to the center of the target (in pixels).  
Participants 
30 volunteers took part in the Swipe and Zoom usability 
tests. The participants were aged 22-39, 35% female / 65% 
male, bachelor graduates, and 70% were familiar with touch 
screens and 85% were PC users. 21 users conducted the 
Tap tests, with a similar demographic profile. 
Tasks 
For the Swipe task, forty eight successive attempts were 
made. As shown in figure 3, users dragged down a box 
placed on the top center towards the destination box placed 
on the bottom center of a web page using the participants 
index finger. The participant stopped and removed his/her 
index finger from the screen when the destination box color 
turned to light green. This was recorded as a successful 
attempt. 
The Tap task, ten successive attempts were made. As 
shown in figure 4, users were asked to place their index 
finger on the Home Position box near the bottom of the 
page. The participant searched for the Running Target 
box and placed his/her index finger on this target box. 
He/she removed his/her index finger from the Running 
Target box when its color turned to light green. 
Afterwards, the participant placed his/her index finger back 
on the Home Position box. This was recorded as a 
successful attempt.  
For the Zoom task, twenty six successive attempts were 
made. As shown in figure 1, each by placing the thumb 
finger of the participant on the box number 1 and his/her 
index finger on the box number 2. The participant zoomed 
till he/she exceeded both the left bottom and the right top 
corners of the border box, within the target box. He/she 
stopped and removed his/her thumb and index fingers from 
the screen when the border box color turned to light green. 
This was recorded as a successful attempt.  
Results 
For the Swipe task, as shown in figure 5, target width and 
target amplitude varied across four levels resulting in IDs of 
1 to 4 bits. The target width varied from 50 to 400 pixels, 
while target amplitude varied from 100 to 800 pixels. Mean 
movement time ranged from 20ms to 1610ms with each 
score derived from over 1440 observations. While the Tap 
task, the target width varied from 50 to 250 pixels, while 
target amplitude varied from 125 to 900 pixels. Mean 
movement time ranged from 50ms to 470ms with each 
score derived from over 210 observations. For the Zoom 
task, the target width varied from 50 to 150 pixels, while 
target amplitude varied from 100 to 550 pixels (fixed step 
of 50 pixels). Mean movement time ranged from 60ms to 
1230ms with each score derived from over 1440 
observations. Regressing MT on ID yields the following 
prediction equation for movement time (ms): 
x Swipe interaction:    MT = 9.46 + 55.83 ID. 
x Tap interaction:     MT = 52.12 + 14.62 ID. 
x Zoom interaction:    MT = 114.86 ID - 20.45. 
By comparing the results with the previous work of Tran et 
al. [12], both outcomes are largely in line with slightly 
different prediction equation and higher correlating MT 
with ID (R2 Zoom > 0.884). 
POOR FIT FOR ID=4 
It was noticed in the Swipe and Zoom usability tests that 
the 4th ID level does not fit in the straight line, which 
passes by the other 3 levels of ID. Moreover, the constant 
a, representing the incorporating reaction time and/or the 
time required executing the operator, in the prediction 
equation for movement time of the Zoom usability test is 
negative. By excluding ID=4, as shown in figure 5, 
regressing MT on ID yields the following predictions (ms): 
x Swipe interaction:    MT = 44.78 + 34.64 ID. 
   
Figure 3 Swipe usability test scenario 
  































hich gives a b
e believe th
crease in the 
is size is too 
D) is between
rget width (W
















































n:     M
tion:    M
 MT with ID 
 instead of R2 
etter-fit and m
at the poor f
spread distanc
large for comf
 500px and 55
) is 50px. Thi







blets. It was 
tests that estim
ions is done u





oom tests with 
Interaction
ted swipe, ½ w
, 100*100 to





ity test with ID
ity test with ID
y test with IDs
y test with IDs
ty test with ID
ty test with ID
2
 values for int
	? 	?Inde
	?	?	?	?
T = 54.38 + 
T = 13.75 + 9
for the Swipe 
= 0.911 (p<0.
ore precise pre
it of ID=4 i
e required for
ort, where the 
0px (about 98
s result paralle
a large pinch 
er time to com
omic failure ra








 in any of the
ement time. B
 Index of diffic
IDs of 1 to 3 an
 
idth of 5" scr
 350*350px im
00px at a dista
e position 
ate movement 
s of 1 to 3 
s of 1 to 4 
 of 1 to 3 
 of 1 to 4 
s of 1 to 3 






4.33 ID.  
test yields R2
1) (see table 2
diction. 
s indicative th
 a Zoom task 
target amplitud




te [13].   
ce KLM as 
ng it with ne





. The ID is th
 three equatio
ased on resul
ulty for Swipe, 

































































































n will take app
t for some hig
um comfort lim
WLEDGMEN
 very grateful 
ENCES 





ss, P. M. (195
an motor syst
ement. J. Exp
leis, P., Otto, 
07). Keystroke
ne interaction
, Y. and Kan
t Entry for Sh
nes. Proc. HC





c. CHI 2004. 3
cKenzie, I. S. 









, L. and John,
stroke-Level 
ended Abstrac
n, J. J., Trewin







; a short unt
, a half-scree
s, and an icon
roximately 80
h ID operatio
it for these ta
TS 
to our study p
n, T. P. and N
manCompute








. Proc. CHI 20
, M. Y. (2005)
ort Message S
I Internationa









be, T., and Ya
rediction Time
roved for the 
t Validity. Pr
. Keystroke-le
s on mobile ph
. 60(5), 545-5
 B. E. (2006). 
Model Predict
ts of CHI 2006














































, John, B. E. a
 pinch and spr
ileHCI 2013. 
nsson, P. O., 
nd Lehtiö, A. 
formance and 
19- 222. 
 KLM are 
 will take 
 will take 























 and the 
. 
 Korean 
uman-
f 
ed Data. 
nd 
ead 
151-16. 
(2013). 
